INTRODUCTION
Gastropoda is the largest molluseau class and includes the common terrestrial, freshwater, and marine snails and slugs. It has an excellent fossil record going back to 550 MYA (Runnegar and Pojeta, 1985) . The das~ is traditionally divided into three subclasses: Prosobranchia (Streptoneura), Opisthobranchia, and Pulmonata (together the latter constitute the Euthyneura). The phylogenetic relationships between and within these subclasses are longstanding problems (e.g., Ponder and Lindberg, 1996, 1997; von SalviniPlawen and Steiner, 1996 ; fora review of earlier work see Bieler, 1992) , which are increasingly stuclied with ' Present address: Royal Belgian Institute for Natura! Sciences, Vautierstraat 29, B-1000 Brussel, Belgium. 55 molecular data (e.g., Tillier et al., , 1994 Tillier et al., , 1996 Rosenberg et al., 1994; Winnepenninckx et al., 1996) . A recent 188 rRNA analysis of molluseau relationships suggested that this molecule might be suitable to resolve phylogenetic problems at infraclass levels (Winnepenninckx et al., 1996) . In the present paper we further explore this issue by analyzing a number of generally accepted ideas on the infraclass phylogeny of Gastropoda using 11 new and 7 publisbed (Winnepenninckx et al., 1992 (Winnepenninckx et al., , 1994 (Winnepenninckx et al., , 1996 complete gastropod 188 rRNA sequences. The points dealtwithare the position and suggested paraphyly ofProsobranchia and Archaeogastropoda, as well as the monophyly of taxa such as Caenogastropoda, Neotaenioglossa, Muricacea, Euthyneura, Pulmonata, and Stylommatophora. In this context, particular attention willbe paid to the monophyly and position ofthe Systellommatophora, a group which includes the families Veronicellidae, Onchidiidae, and Rathousiidae, and adcording to some authors also the Rhodopidae (von Salvini-Plawen, 1970 ) and the Smeagolidae (Climo, 1980; Tillier and Ponder, 1992) . Systellommatophora are considered to be either pulmonates (e.g., Van Mol, 1974; Solem, 1979; Tillier, 1984; Haszprunar, 1988b; Haszprunar and Huber, 1990; Tillier and Ponder, 1992) or opisthobranchs (e.g., Boettger, 1955) , although von Salvini-Plawen (1970) considered them as a proper subclass, the Gymnomorpha, related to the opisthobranchs. Their status as a separate group was confirmed by von Salvini-Plawen and Steiner (1996) , who related them to the pulmonates. However, systellommatophoran monophyly (e.g., von Salvini-Plawen, 1970 ) is still debated (e.g., Climo, 1980; Tillier, 1984; Haszprunar and_Huber, 1990 ).
,,.
MATERIALS AND METHODS

Amplification and Sequencing ofthe 188 rRNA Genes
The taxonomy of the gastropod species used in this study is given in Table 1 . Sampling locations are listed in Table 2 . The species were frozen alive. After dissection, DNA was extracted (Winnepenninckx et al., 1993) from the tissues indicated in Table 2 . The 188 rRNA genes were PCR-amplified, cloned, and sequenced as Ponder and Warén (1988) . The classification of the Neogastropoda is based on Ponder (1973) ; Pulmorrata are classified according to Solem I 1979) , except for the placement of Siphonaria, which follows von Salvini-Plawen (1970) .
a Currently considered nonmonophyletic. 6 Sequence determined in this study.
described by Winnepenninckx et al. (1995) , using the primers published in Winnepenninckx et al. (1994) and two M13 universa! primers.
Data Analysis
The new gastropod 188 rRNA sequences were added to the alignment of Van de Peer et al. (1996a) using the computer program DC8E (De Rijk and De Wachter, 1993) . which considers primary as well as secondary Jukes and Cantor (1969) , Kimura (1980) , or Van de Peer et al. (1996b) . Gaps were nottaken into account. Tree stability was assessed via bootstrapping over 1000 replicates. MP trees were constructed on the phylogenetically informative sites using either the heuristic or the exhaustive search option ofPAUP (8wofford, 1993). Stability of MP trees was assessed via bootstrapping over 1000 replicates and the calculation of decay indices (Bremer, 1988; Donoghue et al., 1992) . As until now there is no consensus about the minimal bootstrap value necessary toregard a cluster as firmly supported, bootstrap values were arbitrarily considered to reflect strong support if they exceeded 70% (Hillis and Bull, 1993) .
RESULTS
New gastropod 188 rRNA sequences were submitted to the EMBL sequence data library and have the following accession nos.: Aplysia sp., X94268; Balea biplicata, X94278; Bursa rana, X94269; Crepidula adunca, X94277; Faseiataria lignaria, X94275; Laevicauli:; alte, X94273; Littorina obtusata, X94274; Monodonta labio, X94271; Nassarius singuinjorensis, X94273; Oxyloma sp., X94276; Pisania striata, X94272. Figure lA shows the NJ tree obtained on the basis of the Jukes and Cantor (1969) distauces of an alignment of complete 188 rRNA sequences of 18 gastropods. The bivalve Galeomma takii was arbitrarily chosen as outgroup. The same topology was obtained with Kimura (1980) distances. The data suggest that Archaeogastropoda are paraphyletic and give rise to the Apogastropoda, i.e., the caenogastropods and Euthyneura. Consequently, Prosobranchia appear as a paraphyletic group. All Caenogastropoda belong to a single cluster. Yet. since C. adunca and F lignaria have a strongly supported common origin, which is well supported by bootstrap resampling, neither Neotaenioglossa (partim Discopoda) nor Muricacea (represented by Buccinidae, Fasciolariidae, Muricidae, and Nassariidae) form monophyletic groups. There is 100% bootstrap support for the monophyly of Euthyneura, which form two unsupported ciades consisting of(l) the three stylommatophorans, Helix aspersa, Ba. biplicata, and Oxyloma sp., and (2) the five remaining euthyneurans. Surprisingly, the achatinid Limicolaria kambeul belongs to this latter clade instead ofto the first. Both systellommatophorans have a common origin, but this result was not supported by bootstrap analysis.
A
A tree based on a distance matrix calculated using the equation of Van de Peer et al. (1996b) showed small topological shifts of nodes with low bootstrap values (indicated by dots in Fig. lA) . Onchidella celtica becomes a sister group to a Siphonaria-LimicolariaLaeuicaulis-Aplysia cluster.
'f-'~si,phonaria pectinata (Ba;)"l ~Euthyneura. Jukes and Cantor (1969) distances calculated from an alignment of 18 gastropod 188 rRNA sequences. The bivalve Galeomma takii was used as an outgroup. Numbers at a node indicate percentage bootstrap values higher than 70%. Dots marknodes that change when distauces are computed using the equation of Van de Peer et al. (1996b) . (B) Majority rule consensus tree of the NJ trees obtained when replacing G. takii 20 times by another mollusc (Table 3 ). The following shortened taxon narnes are used: Bas., Basommatophora; Styl., Stylommatophora; Syst., Systellommatophora; Ng., Neogastropoda; Nt., Neotaenioglossa; Vet., Vetigastropoda; and Ner., Neritimorpha. Fig. 2 . Changing input orders 100 times had no influence on this result. The MP tree differs from the NJ tree (Fig. lA) only in branching points with low bootstrap values, so that the conclusions of Fig. lA (Table 3) or when an ingroup taxon was removed, nodes with high bootstrap and decay indices were not affected. The poorly supported nodes within the caenogastropod cluster showed no ingroup effect either, and only a slight outgroup effect. On the contrary, in the euthyneuran cluster, branching points strongly depended on the outgroup choice (Fig. 2) Replacing the outgroup G. takil by each of 20 other molluscs (Table 3) 
Littorina obtusata (Nt)
Nerita albicilla (Ner)
Monodonta labio (Vet) L----------------------
Galsomma takii Euthyneura
Caeno- neurans separately. Figure 3A shows the results of the Euthyneura NJ tree, with the caenogastropod Littorina littorea as outgroup. In comparison to the complete tree (Fig. lA) , this yielded small topological shifts. In the tree of Fig. 3A , the polyphyly of the Sigmurethra and the Systellommatophora appears to be strongly supported by bootstrap resampling. Figure 3B shows the results of the NJ analysis of the caenogastropods, with the pulmonate S. pectinata as outgroup. The tree confirms the polyphyly ofthe Neotaenioglossa (partim Discopoda) and Muricacea. It shows that the Fasciolaria-Nassarius-Crepidula cluster and the monophyly of the genus Littorina are well supported by bootstrap analysis.
sequences yielded three MP trees of 211 steps. Their strict consensus topology, which is shown in Fig. 4A , has only three nodesin common with the equivalent NJ tree (Fig. 3A) , but does not contradiet the MP tree based on all sequences (Fig. 2 ). An exhaustive search on the 62 phylogenetically informative sites ofthe caenogastropod sequences yielded two MP trees of 142 steps. In the strict consensus tree, which is shown in Fig. 4B , only the monophyly of the genus Littorina is significantly supported by bootstrap resampling. Gastropoda. On the basis of, for example, the reduction ofthe right ctenidium, incorporation ofthe right kidney in the genital duet, and the mode of fertilization, Neritimorpha were considered to he closely related to the Caenogastropoda (e.g., Naef, 1911 ). Yet, the lack of skeletal rods in the ctenidium, the presence ofjuvenile coiling, and the deep mantie cavity suggest that Neritimorpha are an early, highly specialized archaeogastropod offshoot (e.g., von Salvini-Plawen and Haszprunar, 1987; Haszprunar, 1988a,b; Hickman, 1988; Healy, 1988) . The similarities between Neritimorpha and Caenogastropoda were therefore ascribed to convergence. The present 188 rRNA data also refute a close relationship between Neritimorpha and Caenogastropoda and consistently suggest thatArchaeogastropoda, including both Neritimorpha and Vetigastropoda, is a basalgrade within the Gastropoda (e;g., Hickman, 1988; Haszprunar, 1993; von Salvini-Plawen and Steiner, 1996; Ponderand Lindberg, 1997) . Our result is also congruent with the results of a study using about 150 nucleotides of the 288 rRNA (Rosenberg et al., 1994) and the paper by Harasewych et al. (1997) on the basis of 450 nucleotides of the 188 rRNA. The early divergence of the Vetigastropoda is supported by several gastropod plesiomorphies such as two excretory organs, fringed head tentacles, and the eye type (e.g., Haszprunar, 1988b) .
The 188 rRNA data suggest the monophyly of the Apogastropoda ( =Caenogastropoda and Euthyneura) and consequently prosobranch paraphyly. This result is in accordance with findings on the basis of 288 rRNA <Emberton et al., 1990; Tillier et al., , 1994 Rosenberg et al., 1994) and partial188 rRNA (Harasewych et al., 1997) . Previously, Caenogastropoda and Euthyneura had already been synapomorphically linked by the way in which the pleural ganglia make contact with the pedal ganglia (e.g., von 8alvini-Plawen and Haszprunar, 1987; Haszprunar, 1988b; Bieler, 1992; Ponder and Lindberg, 1997) .
Caenogastropod monophyly was accepted by most authors on the basis of the special type of osphradium (e.g .. von 8alvini-Plawen, 1980; Haszprunar, 1985b Haszprunar, , 1988b , as well as by sequence comparisons of 288 rRNA (Tillier et al., , 1994 Emberton et al., 1990) , but was questioned by Rosenberg et al. ( 1994) . The value of the osphradium as an indication of caenogastropod synapomorphy is supported by our 188 rRNA analyses, which consistently suggest a single origin for the caenogastropods. Consequently, our 188 rRNA data reject the hypothesis that Neogastropoda originated from the Archaeogastropoda (Ponder, 1973) , but support the view that neogastropods are derived from neotaenioglossans ( = mesogastropods) ( Haszprunar, 1988a,b; Healy, 1988; Taylor and Morris, 1988 ). An extensive discussion ofthe anatomical features supporting the two contradictory hypotheses was given by Taylor and Morris (1988) .
As our analyses included only one of the three neogastropod superfamilies (Ponder, 1973) , namely the Muricacea, not much can be concluded with respect to neogastropod monophyly, which was accepted on the basis of several morphological features (e.g., Ponder, 1973; Taylor and Morris, 1988; Kantor, 1996; Ponder and Lindberg, 1997) , chromosome numbers (Patterson and Burch, 1978) , DNA content (Hinegardner, 1974) , and the 288 rRNA analyses of Rosenberg et al. (1994) . However, the present 188 rRNA analyses consistently suggest that at least Muricacea and Neotaenioglossa (partim Discoporlal are not monophyletic. A lack of support for the monophyly of the neogastropods, also represented by the Muricacea, was also reported by Tillier et al. ( , 1994 with 288 rRNA data. The close relationship between the neogastropod families Fasciolariidae (F. lignaria) and Nassariidae (N. singuinjorensis), as suggested by Ponder (1973) , is confirmed by the 188 rRNA data. Yet, although Fasciolariidae, Nassa~i idae, and Buccinidae are sametimes considered one unit 1 e.g., Ponder, 1973; Ponder and Warén, 1988) , in our trees the families Fasciolariidae and N assariidae do not show a close relationship to the Buccinidae (P. striata), but have a common origin with the neotaenioglossan family Calyptraeidae (C. adunca). In aceardance with the 288 rRNAanalyses ofTillieretal. (1992, 1994) , Littorinidae forms the most basal branch in the caenogastropod cluster.
The present 188 rRNA study supports the monophyly ofEuthyneura, as generally accepted on the basis of the existence of parietal ganglia, the development of a head shield with special sense organs, a pallial caecum, and the type of the gills, circulatory system, and genital system (e.g., Haszprunar, 1985a Haszprunar, , 1988a . Mainly because of the presence of a "lung," pulmonate monophyly was broadly accepted (e.g., von 8alvini- Plawen, 1970; Tillier, 1984; Haszprunar, 1985a ). Yet the distinction between pulmonates and opisthobranchs was previously questioned by Boettger (1955) , who suggested that Opisthobranchia were paraphyletic (see Haszprunar, 1988b fora review) . Recently, Ponder and Lindberg (1997) also found support neither for opisthobranch nor for pulmonate monophyly. Our 188 rRNA data fail to reveal pulmonate monophyly. However, due to unstable results, it cannot be concluded that the Pulmonata are para-or polyphyletic, either. The 288 rRNAanalyses of Tillier et al. ( , 1994 ) and the partial188 rRNA study ofHarasewych et al. (1997) yielded the same ambiguous result on this issue. Their data also strongly supported the Pulmonata-Aplysia monophyly, but there was no stability in the clade. More recently, 288 rRNAdata suggested thatAplysia is thesister group ofth~ pulmonates excluding Amphibolidae (Tillier et al., 1996) . Emberton et al. (1990) and Rosenberg et al. ( 1 §)94) reported that on the basis of 288 rRNA data, Pulmonata were monophyletic. Yet, since their study did not include any opisthobranch sequence, this hypothesis was premature. Due to the instability of the branching pattern within the pulmonate-opisthobranch clade (Figs. 1, 2, 3A , and 4Al, we cannot decide on the status and relationships of the 8tylommatophora and 8ystellommatophora. Most of our analyses suggest that 8ystellommatophora are not monophyletic and that Onchidiidae is the most basal branch in the Euthyneura. This result is supported by the congruence of both MP and NJ trees (Figs. 1B, 2 , 3A, and 4A) and the moderate bootstrap support in the NJ tree (Fig. 3A) . In addition, Climo.(1980) interpreted the systellommatophorans as a polyphyletic assemblage at the base ofthe euthyneurans. This hypothesis implies that the morphological similarities between the Veronicellidae and the Onchidiidae (e.g., Tillier, 1984) are convergent features. Finally, the present study does not support a relationship of the 8uccineidae (represented by Oxyloma sp.) to the Opisthobranchia, as suggested on the basis of comparisons of the alimentary and reproductive system (Rigby, 1965) . Indeed, all 188 rRNA analyses support a relationship between Helix, Balea, and Oxyloma, but not between Oxyloma and the opisthobranch Aplysia. The unstable results within the Euthyneura may be due (1) to the explosive way in which they arose (Climo, 1980) and/or (2) to the limited number of representatives available for 188 rRNA analysis. In conclusion, although the present 188 rRNA data provide new support for some well-established gastropod relationships, they are insufficient to unambiguously resolve some ofthe current debates. Whether this is due to a taxon sampling problem or to the molecule remains tó he investigated.
